Incidence of fungal infections has increased alarmingly in past few decades. Of the fungal pathogens, the Aspergillus fumigatus has been a major cause of allergic bronchopulmonary aspergillosis (ABPA) which has five main stages -the acute, remission, 
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Introduction
Among the pathogenic species of Aspergillus, A. fumigatus is the most common cause of aspergillosis which includes a spectrum of diseases. The primary route of infection with Aspergillus has been via inhalation of airborne conidia. The average size of A. fumigatus conidia has been found to be 2.0 to 3.0 μm. Because of such a small size, the conidia can easily get airborne. Also the conidial production of A. fumigatus has been highly prolific and, therefore, the human respiratory tract always remains at risk of acquiring Aspergillus infection [1] . The germination of conidia in the respiratory tract and the extent of mycelial colonization in lungs has been shown to be influenced by the competence of the host immune system [2] . It was reported recently that change in temperature during the growth of A. fumigatus significantly influenced the allergenicity of A. fumigatus through differential production of allergenic proteins [3] . In upper airways, the conidia may cause respiratory discomfort due to contact irritation and allergic responses. Aimanianda et al (2009) demonstrated that the hydrophobic nature of rodlet layer prevents immune response against dormant conidia of A. fumigatus [4] . Thus it has been suggested that the immunogenic responses may get induced after the release of cellular proteins including virulence factors and allergens from metabolically active germinating conidia. Such initial allergic reactions have been accountable for development of different forms of allergic aspergillosis. Repeated exposure of lungs to conidia, their germination, expansion of hyphal mass and focal growth of A. fumigatus in pre-existing lung cavities such as the lesions in patients with pulmonary tuberculosis may lead to the development of noninvasive aspergillomas. The A.
fumigatus may invade the lung tissues and disseminate to the deeper body parts to cause systemic infection. The increased severity and incidence of allergic and nonallergic aspergillosis need a better understanding of the interplay between host and fungus that contributes to A. fumigatus pathogenesis [6] . Also, detailed knowledge of allergenic and antigenic molecules of A.
fumigatus is required for the selection of molecules for application in specific diagnosis and immunotherapy of aspergillosis.
Forms of aspergillosis

Allergic
The A. fumigatus may cause various kinds of allergic conditions in the body of the host. These allergic reactions due to A. fumigatus may lead to the development of four distinct clinically recognizable forms of hypersensitivity respiratory disorders i.e., allergic bronchopulmonary aspergillosis (ABPA), allergic Aspergillus sinusitis, IgE-mediated asthma, and hypersensitivity pneumonitis [5] .
In the atopic individuals with diseases of altered lung function such as asthma and cystic fibrosis, A. fumigatus can cause ABPA, a hypersensitive response to fungal products. The ABPA is most common among the other forms of allergic aspergillosis and considered to be an immunologically mediated lung disease, which is very frequently associated with asthma. ABPA has been an idiopathic inflammatory lung disease characterized by hypersensitive allergic response to the colonization of Aspergillus in the airways. It has been the most severe allergic pulmonary complication caused by A. fumigatus. The first case of ABPA was reported from England [7] . The disease existed in USA also and was reported first by Patterson and Golbert in the year of 1968 [8] . Shah (1971) was the first to report three cases of ABPA from India [9] . But it was soon realized that allergic aspergillosis was world wide in distribution. The clinical course of ABPA is known to vary from mild asthma to fatal destruction of lungs with bronchiectasis and fibrosis [10] . Several attempts have been made to determine the prevalence of ABPA but due to lack of uniform diagnostic criteria and standardized tests, it has remained a tough task [11] . The allergic response against Aspergillus was characterized by the presence of an immediate type hypersensitivity reaction to A. fumigatus antigens and has been the first step in the development of ABPA [8] . Only a small number of patients with Aspergillus hypersensitivity (AH) have been found to develop the complete clinical picture of ABPA [12] . Chest X-ray and computed tomography (CT) have been found to be useful for establishing diagnosis of ABPA by visualizing the infiltration and bronchiectasis in the lungs of patients. Although, various studies have reported the prevalence of ABPA to be 1.0-2.0% in asthmatic individuals [5, 9, [11] [12] [13] , the prevalence of ABPA in severe asthma has been considered to be much higher. In a study of 357 patients with acute severe asthma admitted in the respiratory intensive care unit, the prevalence of ABPA was reported to be 39.0% [14] . The prevalence of ABPA in patients with cystic fibrosis was found to be 2.0-15.0% [5, [11] [12] [13] . In Indian population, the Aspergillus cutaneous type I sensitization was shown to be as high as 28.5-50.0% [15] [16] [17] in asthmatics. In a study by Kumar and Gaur (2000) , the prevalence of ABPA was shown to be 16% in patients of asthma [18] .
Maurya et al (2005) carried out a study on 105 patients with bronchial asthma and found 7.5% prevalence of ABPA [16] . Agarwal et al (2010) reported ABPA prevalence of 27.2% in a study of 564 asthmatics from North India [14] . High prevalence of ABPA has been reported from various parts of the world and has remained a disease of health importance for clinicians globally especially in Asia.
The overlapping clinical features of ABPA with other respiratory disorders, mainly with tuberculosis (TB) and the difficulties in establishing differential diagnosis, and thereby misdiagnosis quite often, have been the main reasons for wrongly considering ABPA less important [19] [20] [21] . It was found that TB has been the most common type of chronic pulmonary infections in developing countries [22] . According to a recent World Health Organization report (2011), the incidence of TB was reported to be 0.185%. In India the incidence of TB has been very high and that contributed over one fifth of the global incidence of TB cases in 2009. Studies from India showed that ABPA was misdiagnosed as TB in 17.0% to 50.0% of subjects examined at various hospitals and clinics [14, 21, [23] [24] [25] . Free availability of immunosuppressants and their gross misuse in asthmatics increases the risk of Aspergillus infection. Under these conditions the ABPA gets masked and would be diagnosed only at the late stages of disease. There is lack of a universal diagnostic test with high sensitivity and specificity to distinguish between ABPA and TB. The lack of awareness about ABPA among general practitioners, high cost and lack of widespread availability of myco-serological tests, and scarcity of advanced facilities at all clinical centers, have made it difficult to diagnose ABPA in patients of respiratory distress including TB. The diagnosis of ABPA depends on a set of clinical, serological and radiological criteria.
Although typical presentation of ABPA is observed in patients with a history where one finds it difficult to control asthma, the spectrum of presentation has been highly variable and needs to be considered in any patient with moderate to severe asthma and hypersensitivity to A.
fumigatus. The complaints of ABPA patients have been nonspecific and include dyspnea, wheezing, poor asthma control, cough (commonly productive of thick, brown mucus plugs), malaise, low-grade fever and occasionally, hemoptysis. There may be an antecedent history of recurrent asthma exacerbations in conjunction with pneumonia without a culture identified bacterial source. In addition, a history of atopy with rhinitis, drug allergy, and/or allergic conjunctivitis has been common. Very often, the patient remains ill over weeks to months and shows unresponsiveness to standard treatments prescribed on the basis of suggestive diagnosis.
Non allergic
The aspergilloma generally occur in preexisting pulmonary cavities that develop during the 
Therapy of aspergillosis
Chemotherapy
The drugs are available for treatment of Aspergillus induced infections, however, it has been considered that they can only reduce the fungal burden in the host and the cure of infection can rarely be achieved [40] Recently a new approach was explored, where recombinant DNA-derived humanized IgG (omalizumab) which is an anti-IgE monoclonal antibody, was used to treat 2 patients of cystic fibrosis, in whom frequency of ABPA exacerbations was markedly reduced with treatment, and free titre of IgE was also decreased significantly [46] . Thus it may be considered that omalizumab is useful in treating ABPA in patients with CF and measurement of free IgE may help in monitoring the response to therapy. It was further demonstrated that omalizumab was also useful in patients of severe asthma with fungal sensitization and ABPA [47].
Limitations of chemotherapy
The molecules available for treatment of aspergillosis are not only fewer in number, they have limited efficacy. The amphotericin B is an effective antifungal agent but its therapeutic utility has been hindered due to high toxicity for host cells by channel formation across cell membrane and disruption of postendocytic trafficking [48] . Other anti-Aspergillus drugs also have been found to cause toxic effects as well [49] . Most drugs used for treating aspergillosis have been shown to be immunosuppressive [50] . The development of drug resistance in A.
fumigatus has become an increasingly serious problem [42, 45] . The drug resistance can be primary (fungal pathogen inherently resistant to antifungal drug) or secondary (development of resistance during treatment). The resistance in Aspergillus to polyenes has been shown to be primary rather than secondary resistance. The primary resistance to polyenes in A. fumigatus has been less frequent [51] 
Immunotherapy
The efforts have been concentrated at global level for identification of antigenic preparations and/or molecules of A. fumigatus which could serve as potential vaccine candidates. A. fumigatus hyphae remained inaccessible to antibodies, unless both cell wall and cell membrane have been permeabilized. The Asp f3 primed CD4+ T cells were not expectedly involved in clearance of fungal pathogen directly, instead they might locally activate immunosuppressed phagocytes to elicit antifungal effect [64] . It was reported very recently that A. fumigatus vaccine based on rAsp f3 has the potential to prevent aspergillosis in humans [65] .
Most studies carried out so far on vaccination, have been limited to the experimental animals only and not even a single protein of those examined for immunoprotection, has reached the level of clinical trail. Therefore, identification of new immuno-therapeutic molecules may serve as potential vaccine candidates.
Diagnosis
This issue has been haunting clinicians since the recognition of the disease as a distinct entity and even today there has been no single test which can establish the diagnosis of aspergillosis. The diagnosis of ABPA usually relies on a set of criteria and depends on a combination of clinical observations and laboratory investigations.
Clinical diagnosis
A number of major and minor clinical criteria have been proposed to diagnose ABPA [10, 66] . The major criteria include asthma, presence of transient pulmonary infiltrates (fleeting shadows) in chest X-ray, immediate cutaneous reactivity to A. fumigatus, elevated total serum IgE, precipitating antibodies against A. fumigatus, peripheral blood eosinophilia, elevated serum IgE and IgG specific to A. fumigatus and central/proximal bronchiectasis with tapering of distal bronchi. The minor criteria include expectoration of golden brownish sputum plugs, positive sputum culture for Aspergillus species and late (Arthus-type) skin reactivity to A. fumigatus.
Even with these criteria, there is no consensus regarding the number of conditions to be satisfied to diagnose ABPA. Also patients may not satisfy all these criteria at one point of time 
Immunodiagnosis
The immunodiagnosis of A. fumigatus induced diseases has been based on the in vivo fumigatus may induce elevated levels of total serum IgE and Aspergillus specific IgE and/or IgG antibodies. The detection of total IgE and Aspergillus specific IgE and IgG antibodies in sera has been considered to be important immunodiagnostic criteria for ABPA [10, 19, [66] [67] [68] [69] . The determination of anti-Aspergillus antibodies in sera of suspected subjects was dependent on sensitivity of the test. The skin prick and intradermal tests performed with antigens of Aspergillus have been found to be nonspecific in significant number of individuals [70] . For the skin prick test (SPT) positive allergic patients, the radio allergosorbent test (RAST) and enzyme linked immunosorbent assay (ELISA) were used regularly in laboratories for detection of Aspergillus specific IgE antibodies which show high specificity and sensitivity to detect ABPA.
There are few robotic platforms (i.e. ImmunoCap, Phadia, Sweden and Immulite, Siemens, USA) that exist at multispecialty testing centers to perform immunoassays based on crude and specific recombinant antigens of A. fumigatus for detection of allergic aspergillosis. The determination of IgG in the sera of patients against antigens of A. fumigatus by manual ELISA was also used for detection of ABPA at the commercial level (De-Meditec, Germany, and DRG International, Inc, USA). However, there has been a lack of antigenic standardization among different laboratories because of the use of local antigen preparations [71] . With no choice of specific antigens for detection of antibodies, only crude antigenic fractions of A. fumigatus were commonly used for diagnosis of ABPA. The crude extracts used at different centers for immunodiagnosis of ABPA have not been comparable in their protein composition due to use of different strains [72] and batch-to-batch variations even with same strains, has been quite common [73] . The fungal extracts mainly produced from mycelial cells and/or spores may differ in their protein composition [74] . Further, the culture conditions, protein extraction methods and storage procedures have been critical with respect to the quality and quantity of individual allergen in the crude extracts of A. fumigatus [75] . These factors may also affect the degradation rate of the extracted proteins in antigenic preparations [76] . There have been instances of frequent variability in antigenic preparations and that may lead to variable sensitivity and specificity of the test [77] . Additionally, the ELISA kits for detection of Aspergillus antigens like, mannan and galactomannan in IA have been considered to be good in specificity but sensitivity was found to be quite variable [78] . Hence in the absence of optimally characterized allergens, the use of locally prepared crude antigenic fractions of A. fumigatus for diagnosis of ABPA is continued at different diagnostic centers.
Allergens of A. fumigatus
Known allergens
The A. fumigatus produces a large number of allergenic molecules which show reactivity with IgE antibodies derived from patients of ABPA [73, 79, 80] . According to an allergen database, allergome (www.allergome.org), only 23 molecules of A. fumigatus (Asp f1-f13, Asp f15-f18, Asp f22, Asp f23, Asp f27-f29, and Asp f34) have been recorded as allergens. One of these allergens, the Asp f15, has been proposed to be removed from the list due to its sequence similarity with Asp f13. Also the allergen Asp f16 has been shown to have a high degree of homology with Asp f9, thus, making the effective list of 21 allergens of A. fumigatus. Some of these allergens are known for structural, toxic and enzymatic functions and their relationship with virulence also has been reported. However, other allergens do not have virulence properties, except being as immunologically active molecules [81] . These antigenic components increase the risk of allergic aspergillosis because they may redirect the immune response to Th2 type, a response that does not seem to be efficient in eliminating the fungus from the body of host [82] .
The description of known allergens of A.fumigatus demonstrated that the Asp f1 has been a major 18 kDa allergen belonging to member of the mitogillin family of cytotoxins [83] and recombinant Asp f1 was used to detect Aspergillus specific antibodies in the sera of patients [84] .
The 37 kDa recombinant protein (Asp f2) has been an allergen of A. fumigatus which was evaluated for its immunological properties [85] . The Asp f2 showed IgE binding with ABPA and cystic fibrosis patients having ABPA [86] . Hemmann et al (1997) cloned Asp f3 from a cDNA library displayed on phage surface. In an ELISA, serum IgE antibody reactivity to rAsp f3 was detected in 72.0% of 89 individuals sensitized to A. fumigatus [87] . There are studies which showed that the rAsp f3 provided protective immunity in a mice model against experimentally induced aspergillosis [61] which later on was proposed to be a potential vaccine molecules against aspergillosis [64, 65] . The deletion mutation analysis of Asp f4 performed by thioredoxins (Asp f28 and Asp f29) of A. fumigatus to produce them as recombinant proteins [105] . All recombinant thioredoxins, including that of human, did bind to IgE from patients with ABPA. Inhibition experiments also showed that the thioredoxins were cross-reactive. The same group of investigators described another allergen (Asp f34) from cDNA library screened for cell wall components. The recombinant Asp f34 showed binding in western blots with IgE antibodies derived from A. fumigatus sensitized individuals. It was also found to be involved in the induction of allergen-specific proliferation of PBMCs of patients sensitized to the allergen [106] .
Predicted allergens
In addition to the 21 known allergens of A. fumigatus, 25 allergens were predicted on the basis of their cross-reactivity and sequence similarities with other potential allergens from several fungal and bacterial sources [107] . These predicted allergens have been identified as alcohol dehydrogenase, α-amylase, β-xylosidase XylA, glutathione S-transferase GliG, molecular chaperone Hsp70, thioredoxin, 60S acidic ribosomal protein P1, aldehyde dehydrogenase AldA, alkaline serine protease Alp1, aryl-alcohol dehydrogenase, β-Nacetylhexosaminidase NagA, conidial hydrophobin Hyp1/RodA, extracellular lipase, glucan 1,4-α-glucosidase, histidine acid phosphatase, HLH transcription factor GlcD-γ, Hsp70 chaperone Hsp88, malate dehydrogenase NAD-dependent, NADH-quinone oxidoreductase Pst2, nuclear transport factor NTF-2, protein disulfide isomerase Pdi1, RNA binding protein MSSP-2, secreted dipeptidyl peptidase DppV, thioredoxin and translation elongation factor 1 subunit Eef1-β. These predicted allergens are involved in diverse cellular processes such as cellular maintenance and metabolism, and few of them have been characterized as pathogenic determinants. Of the predicted allergens the secreted dipeptidyl peptidase DppV, nuclear transport factor NTF-2, thoredoxins, protein disulfide isomerase Pdi1 and alkaline serine protease Alp1 of A. fumigatus have been investigated for their antigenic potential but found to be nonspecifically reactive.
Many of the predicted allergens of A. fumigatus were found to have significant amino acid sequence homology with potential allergens that were identified from other organisms (http://fermi.utmb.edu/SDAP/sdap_ppm.html). Thus it may be suggested from the available literature on predicted allergens of A. fumigatus that they do not have enough potential to solve the problem of cross reactivity.
Use of allergens of A. fumigatus in diagnosis
Of the known and predicted allergens of A. fumigatus 5 namely rAsp f1, rAsp f2, rAsp f3 rAsp f4 and rAsp f6, were shown to have high IgE reactivity [69, 108] and have been used antigenic epitopes with antigens of other organisms has made it difficult to use them for diagnostic purpose universally [110] . Therefore, to overcome the limitations associated with A.
fumigatus recombinant molecules or crude antigens based assays, the identification of new and specific allergens has become essential for the development of more specific diagnostic assays to detect allergic aspergillosis in the suspected patients at an early stage of infection.
Complex genome and proteome of A. fumigatus
The genome of A. fumigatus has been quite complex and so is the proteome. The release of complete genome sequence of A. fumigatus (29.4 megabases), has identified the presence of 9,926 genes in this pathogenic mold [111] . Till date the products of many of these genes have fumigatus so far reported are of limited value in detecting the allergic aspergillosis at early stages of infection.
Immunoproteomics of A. fumigatus
In the context of identification of allergens/antigens of A. fumigatus few attempts have been made in recent past by using immunoproteomic approach. Gautam et al identified panels of secreted allergens of A. fumigatus by IgE reactivity with sera of ABPA patients [124, 125] .
Kumar et al (2011) also identified secreted antigens of A. fumigatus by immunoreactivity with
sera from ABPA patients and those obtained from immunized animals [126] . An account of potential vaccine candidates from cell wall associated [127] and cytosolic fraction [128] 
Strategies for the recombinant expression
To prepare various antigenic proteins recombinantly, the choice of suitable expression system was always a matter of concern. However, a variety of prokaryotic and eukaryotic expression systems have been evolved to solve expression associated issues. In this section we briefly discuss the expression related problems and their alternate approaches. The prokaryotic systems have remained as first choice for expressing recombinant proteins. Among the prokaryotes, the E. coli has been considered as the most efficient and widely used host for manipulation of DNA and proteins which can express recombinants up to 30% of its cell mass [133] . The well-known genetics, high transformation efficiency, cultivation simplicity, rapid cell cycle and inexpensiveness, are the main factors that make E. coli to be the preferred host for the This allergen has an mRNA (AFUA_5G03520) of 972 bp which coded for a 37 kDa hypothetical protein (Uniprot ID: Q4WEM3). The recombinant 37 kDa protein was found to be reactive with
IgE antibodies of ABPA patients (Unpublished data).
Although the expression of 37 kDa full length hypothetical protein was achieved, we faced several difficulties while attempting the expression of other selected immunodominant allergens as full length proteins. Therefore, instead of expressing complete gene, reduction of the length of recombinant construct by removing the incompatible regions of DNA and selecting the functional region of target gene has been followed to express partial protein. It was speculated that the expression of partial protein may enhance the solubility of recombinants. It is evident from the literature that many of the genes severely interfere with the survival of E. coli cells during the process of their expression in bacteria and lead to death of host cell or cause significant defects in bacterial growth that dramatically decrease expression capabilities [134] .
On the other hand less solubility of the recombinant proteins due to their interaction with inclusion bodies and associated toxicity also remained as major problem which is usually encountered many a times [135] . The occurrence of hydrophobic regions in the antigens is a major feature that caused toxicity to host cells and hindered their expression in E. coli. However, it was also reported that the presence of hydrophobic regions are crucial of the generation of efficient vaccine moieties [136] . The presence of hydrophobic domains in A. fumigatus allergens and accordingly selected the less hydrophobic polypeptide of the proteins for recombinant expression. Interestingly, employing this approach, we had been achieved the expression of fructose bisphosphate aldolase class-II (Uniprot ID: Q4WY39) and alcohol dehydrogenase (Uniprot ID: Q4WTV5) in E. coli [130] . It was reported in other pathogens also that the plasmid constructs encoding for truncated parasite antigens (TSOL18 of Taenia solium and EG95 of Echinococcus granulosus) with deleted N-and C-terminal hydrophobic domains significantly improved heterologous expression from insoluble to soluble form of proteins in E. coli [137] .
It was suggested that the fusion partner neutralizes the toxic effect of the target protein to some extent and increases the stability of recombinant protein in the expression cells. Some of these fusion partners include glutathione-S-transferase, maltose binding protein, thioredoxin, small ubiquitin modifier, and N-utilization substrate. Of them glutathione-S-transferase and maltose-binding protein have an advantage to remain as affinity purification tag also. It was noticed that a single fusion tag will not work for all recombinant proteins, and multiple fusion partners may be needed to be used for successful expression of the soluble recombinants.
However, it is important to note that the neutralizing partner of fusion protein may not be enough to eliminate the toxicity of target protein completely. But a strong interaction of fusion partner with target protein, may lead to a suppression of the toxic effect [134] . Recombinant proteins that are toxic to the expression host can be challenging to produce, but this difficulty can usually be overcome by using expression of the recombinant gene in the regulation of an inducible promoter, transcription terminators, control of the plasmid copy number, and/or modification of the coding sequence of the recombinant gene [138] . If the recombinant protein is toxic, it is often useful to determine whether the problem is host cell specific. If so, then the protein can be expressed in a more compatible expression host. Another option could be to use a tightly regulated prokaryotic inducible expression system. The expression of the mammalian apoptosis modulator protein Bax in E. coli is an important example illustrating the rationale design of a neutralizing partner. The Bax protein leads to the lysis of E. coli cells at concentrations as low as 0.01% of total proteins [139] . Attempts to express Bax protein as full length into the periplasm of E.coli failed to diminish its toxic effects, therefore, several strategies have been employed to express it as a fusion protein [140] . We also attempted to express one antigenic protein (sorbitol/xylulose reductase Sou1 like) in its full length or partial form but recombinant expression was not achieved. Therafter, employing the strategy to express sorbitol/xylulose reductase Sou1 like, with a fusion partner resulted in recombinant production of protein of 67 kDa which included a part of 38 kDa of fusion partner which was maintained on its C-terminus (Unpublished data).
Although E. coli has been the first choice over all other expression systems, it has certain limitations. It was reported that the E. coli usually has been incapable of providing the environment suitable for the correct formation of disulfide bonds at the time of expression of the recombinant proteins in the cytoplasm [141] . Formation of disulfide bond in E. coli takes place only in the periplasm in presence of Dsb system [142] and specific periplasmic expression in E.
coli reduces yield of protein significantly. It is also seen that E. coli based expression systems were less efficient for post-translational modifications as compared to eukaryotic host. Moreover, the secondary post-translation modifications such as enzyme-mediated N-linked glycosylation, O-linked glycosylation, amidation, hydroxylation, myristoylation, palmitation, or sulfation were not supported by E. coli.
To overcome limitations associated with E. coli based systems, the eukaryotic expression systems are the alternate approach. Yeast is the most powerful organism for the manipulation of DNA and expression of recombinant proteins after E. coli. Among yeasts, the Saccharomyces cerevisiae [143] and Pichia pastoris [144] are the routinely used systems because they typically Employing these strategies on the expression of new antigens of A. fumigatus and developing recombinant based microarray will be helpful for providing new molecules and/or methods with superior applications in diagnostics and desensitization therapies. It was shown that the microarrayed recombinant allergens can be used to determine and monitor the profile of disease-eliciting allergens using single tests that require minute amount of serum from allergic patients [148] . In a cross sectional survey of IgE reactivity in 23077 patients against a panel of 75 potential allergens was carried out by using microarray based detection system [149] . A chip microarray based on 1205 proteins of Burkholderia pseudomallei, probed with 88 melioidosis patient sera, identified 170 antigens which included 49 specifically reactive antigens and 59
cross-reactive antigens. On the basis of these results, authors devised a test that could classify melioidosis positive and negative individuals with sensitivity and specificity of 95% and 83%, respectively [150] .
Antigenic epitopes and peptide library based approaches
The prediction of antigenic epitopes and exploration of peptide library screening approaches have several advantages. It was found that full length sequence of a protein in terms of immune-recognition may contain several non antigenic and hypo-antigenic regions. For the characterization of total antigenic structure of a protein, identification of IgE and/or IgG binding epitopes is a determinant factor. The dissimilarity in the linear and conformational epitopes in the same protein, is a confounding factor for type of reactivity. A link between paratope, epitope and mimotopte influences the definition of a specific interaction between antigen and antibody [151] . The mimotope can bind antibody without any relation in the sequence of protein antigen used to induce antibody [152] . It was suggested that the IgE binding epitopes are more cross reactive than the IgG binding epitopes. This might be due to the presence of structural mimics (mimotopes) of the hyper-allergenic epitopes of the antigenic proteins. The mimotopes have the capabilities to mimic not only peptides, even they can recognize carbohydrate, lipid or haptens including biotin and they can not be easily mapped on the 3 dimensional structures of antigens [151] . The phenomenon of cross reactivity which occurs mostly with the allergens of A.
fumigatus may be due to presence of mimotopes of other proteins which hamper the specific reactivity of the target allergens. Thus, avoiding the regions of antigens which contain mimotopes has to be an important criterion while designing the peptide libraries from the newly identified allergens. The peptide microarrays have become increasingly usable in recent years for diagnostic applications [153] .
In a recent report, the use of a bioinformatic approach for epitope prediction, their synthesis and evaluation on peptide microarray was described. It was shown that such array was a powerful method for the selection of Toxoplasma gondii epitopes for serological diagnosis of toxoplasmosis with diagnostic specificity of 84% [154] . The replacement of lengthy polypeptides of the antigenic proteins with short, synthetic peptides is virtually a straightforward approach to capture antigen-specific antibodies from serum samples, however, both the immuno-biological display of peptides on support and their performance in microarray based immunoassay are often unsuccessful on application [155] . Antibody epitope mapping using synthetic peptide array has been shown to be useful for mapping of full sequence of antigens for the identification of hyperantigenic epitopes [156] . Several strategies were suggested to generate hypoallergic variants of allergens to use them as vaccine candidates [157] . The peptide microarray data was also used for the analysis of target specificity of protein [158] . Recently Chen et al, (2012) identified immunodominant epitopes of Pen c13, a major allergen of P. citricum by generation of peptides by enzymatic cleavage of full length protein [159] . Further the mutant (G270A) generation of Pen c13, containing IgE binding epitopes revealed their application in diagnosis/prognosis of mold allergy, whereas another hypoallergenic mutant (K274A) of the Pen c13, may provide a framework for the design and development of a safe and efficient therapeutic strategy for treating human allergic diseases.
Conclusion
It could be inferred from the above description that the diagnosis of allergic aspergillosis at the early stages of infection, and its effective treatment is extremly difficult. Therefore, ABPA 
